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(57) Abstract: Expandable sealant and baflle compositions and methods of forming and using such composiiions are provided 
wherein the composiiions comprise a first thermoplastic resin, an cpoxy resin, preferably a second thermoplastic resin different from 
the first ihcmioplaslic resin, and optionally a compound selected from the group consisting of pigments, blowing agents, catalysts, 
curing agents, rcinforcers, and mixtures thereof: The resulting composiiions are formed as self-sustaining bodies which can be 
heat-expanded into a lightweight, high strength product for sealing hollow structural members of vehicles, substantially decreasing 
the noise which travels along the length of those members as well as strengthening those members with minimal increases in their 
weighuj. In a preferred embodiments, the first thermoplastic resin is an SBS block co-polymer, the epoxy resin is a bisphenol A-bascd 
liquid epoxy resin, the second thermoplastic resin is a polystyrene, and the reinforcer is hydratcd amorphous silica. The compositions 
can be formed into free-standing, self-sustaining pans or into U-sharped mcmbere supported on latlice-iypc nylon supports. 
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SOUND DEADENING AND STRUCTURAL REINFORCEMENT 
COMPOSITIONS AND METHODS OF USING THE SAME 



Related Application 

This is a continuation-in-part of U.S. Patent Application No. 09/186.537. Bled 
Novembers, 1998. 



BACKGROUND OF THE INVENTION 
Field of the Invention. 

The present invention is broadly concerned with expandable sealant and bafHe 
compositions for sealing hoUow structural members of vehicles, and methods for 
making and using such compositions. The compositions are prepared by fonning an 
expandable mixture including a first theraioplastic resin (preferably an SBS block co- 
polymer) and an epoxy resin (preferably a bisphenol A-based liquid cpoxy resin). The 
compositions preferably also include a second themioplastic resin (preferably a 
polystyrene) different from the first thermoplastic resin, and a compound selected from 
the group consisting of pigments, blowing agents, catalysts, curing agents, reinforcers. 
and mixtures thereof. Theprefeniedreinforceis are hydxated amorphous sihcaan^ 
microspheres. The compositions of the invention are injection moldable and can be 
formed into freestanding, self-sustaining parts. Alttanately, the compositions of the 
inventibn can be supported on lattice-type nylon supports. Upon heating of the 
compositions to temperatures of at least about300»F. the compositions greatly expand 
to form lightweight products having high compressive strengths. 



Description of the Prior Art 

During the fabrication of automobiles, trucks, and similar over-the-road 
vehicles, many body components present structtiral members having cavities that 
require sealing to prevent the entrance of moisture and contaminants which can cause 
corrosion of the body parts, ft is also desirable to greatly strengthen the members while 
maintaining their light weight It is also necessary to stabilize these members in order 
to attenuate noise that would otherwise be transmitted along the length or passage of 
the cavity. Many of these cavities are irregular in shape or narrow in size, thus making 
them difficult to properly seal and baffle. 

Many attempts have been made to seal these cavities, qjraying sealants into the 
cavity, introducing foam products into the cavity, and using of fiberglass matting and 
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the like. These methods each have their drawbacks. For example, foaming in place 
presents a problem in that it is difficult to control where the foam travels upon its 
introduction into the cavity. Furthermore, it is often necessary to introduce an excess 
amount of foam into the cavity in order to ensure that the cavity is sufficiently sealed. 
Finally, teams wiU generaUy not adhere to the interior surfaces of the cavity walls if 
those surfaces contain even a small amount of oil. 

Self-sustaining foam products, either with or without a non-foam support 
structure, have been introduced into structural member cavities in an attempt to seal the 
cavities. However, these methods generally result in the addition of excess weight to 
the structural member which is undesirable in most instances. Attempts have been 
made to utilize foam products which are lighter in weight or which do not use a support 
structure. However, these attempts have generally resulted in products which lack the 
increased compressive strength necessary to adequately reinforce the structural member. 

U.S. Patent No. 5,755,486 to Wycech is directed towards a structural 
reinforcement member which includes a thennally expandable resin-based material. 
The structural member is heated so as to expand the resin-based material, thus locking 
the reinforcement member in place. However, the compositions disclosed in the ^486 
patent do not possess sufficient expansion c^abilities. As a result, more of the 
composition is required to adequately fill and seal a particular cavity, thus resulting in 
added weight to the car and added expense to the automotive manufacturer. 
Furthermore, the composition disclosed in the *486 patent makes use of fimed silica 
which leads to a product having a high viscosity and therefore unsuitable for injection 
molding of the compositioiL 

U.S. Patent Nos. 5,373,027 and 5,266,133 to Hanley et al. are respectively 
directed towards expansible sealant and baffle compo9eats for sealing and providing 
an acoustic baffle for cavities in vdiicle bodies and methods of making such 
components. The components expand upon heating, thus sealing the cavity in which 
they are placed. The components are formed of a composition which includes an 
eihylene-a,P ethyl^cally unsaturated carboxylic acid copolymer, a blowing agent, a 
tackifier, and optionally an additive polymer and a cross-linking agent. While the 
compositions of the '027 and ' 1 33 patents possess sufficient expansion capabilities, they 
are not strong enough to make suitable reinforcement manbers. 

U.S. Patent No, 5,506,025 to Otto et aL is concerned with an expandable baffle 
apparatus for sealing an automobile cavity. The apparatus of the '025 patmt includes 
a piece of heat expandable sealing material fonned in a shape corresponding to the 
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shapcofthccross-sectionofthccavity tobesealed. The sealing materia] issupported 
by an open lattice support clement formed of material such as nylon. While the 
apparatus of the '025 patent is suitable as a cavity sealant and baffle apparatus, it does 
not provide sufTicient reinforcement to the stnictural member forming the cavity in 
which the apparatus is placed. 

There is a need for an injection moldable, expandable, lightweight composition 
which acts as both a sealant to prevent the entrance of undesirable components into 
vehicle cavities and a baffle to diminish or prevent noises which normally travel along 
the length of the cavity. Furthermore, this composition should have a high compressive 
strength so that it reinforces the structural members in which it is used. 

SUMMARY OF THE INVENTION 
The instant mvention overcomes these problems by providing expandable 
sealant and bafiQe compositions comprising mixtures of thermoplastic resin(s) and an 
epoxy resin which are injection moldable and Ughtwcight, and which have high 
compressive strengAs. 

In more detail, fbs compositions of flie invention include a fiist thermoplastic 
resin. usuaUy selected from the group consisting of the polystyrenes, rubbers 
(preferably soUd rubbers), and mixtures thereof. It is preferred that the first 
theimoplastic resin be a solid rubber or mixtures of solid rubbere. Prefeued solid 
rubbers include styrene-butadiene rubber (such as SBR 1009^, mtrilc-butadiene rubber 
(such as Nipol 141 !•). thermoplastic elastomers inchiding SBS block co-polymers 
(such asFina Clear 53O«0. . and mixtocs thereof (As used herein, "rubber" is intended 
to include all synthetic rubbers as weU as elastomers.). If the rubber used is an SBS 
block co-polymer, it is preferred that the SBS block.co-polymer have a molecular 
weight of ftom about 100,000-150,000, and preferably from about 110,000-135.000. 
When a styrene-butadieoe nibberis used as the rubber, the ratio ofbutadiene to styrene 
is preferably from about 32:68 to about 18:82, and more preferably from. about 27:73 
to about 23:77. If the first thermoplastic resin is a rubber, then the rubber is preferably 
present in the composition at a level from about 20-30% by weight, and more preferably 
from about 23-28% by weight, based upon the total weight of the composition taken as 
100% by weight 

If the first thermoplastic resin is a polystyrene, then the polystyrene should be 
present in the composition at a level of firom about 5-20% by weight, and preferably at 
a level of from about 10-15% by weight, based upon the total weight of the composition 
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taken as 100% by weight. It is preferable that the polystyrene have a molecular weight 
of from about 150,000-320.000, and more preferably from about 200,000-270.000. 
Two preferred polystyrenes are sold under the trade names Fina Crystal 500«*and Fina 
Crystal 535^. 

The compositions furtherincludc an cpoxy resin, preferably a Uquid epoxy resin 
such as a bisphenol A-based liquid epoxy resin. The epoxy resin should be present in 
the composition at a level of from about 30-45% by weight, and preferably bom about 
35-40% by weight, based upon the total weight of the composition taken as 100% by 
weight Apieferred solid epoxyi^in is available underthe trade nai^^^ 1001 F*. 
Two preferred liquid epoxy resins are sold under the trade names Araldite 6010* and 
Epon 71®. 

In a particularly prcfeined embodiment, the compositions of the inventions 
further include a second thermoplastic resin different from the first thermoplastic resin. 
The second thermoplastic resin is likewise preferably selected from the group consisting 
of the polystyrenes, rubbers (preferably soUd rubbers or thermop lastic elastomers), and 
mixtures thereof. It is preferred that the first thermoplastic resin be a solid rubber and 
mixtures of solid rubbers while tfie second thermoplastic resin is preferably a 
polystyrene, with the individual concentrations of solid rubber and polystyrene being 
those described above. The total weight of both the first thermoplastic resin and the 
second thermoplastic resin is preferably from about 25-50% by weight, and more 
preferably from about 33-43% by weight, based upon the total weight of the 
composition taken as 100% by weight 

In another embodiment, the compositions of the invention further include a third 
thermoplastic resin in addition to and different fi-om the first and second thermoplastic 
resins. The third thermoplastic resin is preferably selected fiom the group consisting 
of polystyrenes, rubbers (preferably solid rubbers or themioplastic elastomers), and 
mixtures thereof In compositions according to &e invention which include a third 
thenmoplastic resin, the third resm should be present in an amount of Scorn about 1-10% 
by weight, and preferably from about 3-7% by weight, based i^n the total weight of 
the composition taken as 100% by weight A preferred third thermoplastic resin is a 
sohd rubber such as nitrile-butadiene rubber (NBR). When NBR is used as the third 
thermoplastic resin, the ratio of acrylonitrile to butadiene is preferably from about 42:58 
to about 35:65, and more preferably about 38:62. 

The compositions of the invention should also include a compound selected 
from the group consisting of pigments, blowing agents, catalysts, curing agents, 
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teinforcen!. and mixtures thereof. Any pigments, blowing agents, catalysts, and curing 
agents l^iown in the art are suitable foruse in the instant mvention. Examples of some 
of those compounds and their preferred concentrations in the compositions of the 
invention are set forth in Table 1. It is prefened that the compositions be essentially 
free (i.e., less than about 0.1«/o by weight, and preferably about 0% by weight) of 
plasticizere. diluents, and surfactants in order to avoid the negative effects these 
compoundshave on thecompressivestrengthofthecompositionduringheating thereof 
Table I 



Compound 


%By Wt» 


Examples 


Pigments 


0-5% 


Carbon black, zinc oxide 


Blowing 
agents 


0-5% 


Azodicarbonamides such as the following which 
are available from Uniioyal - Cdogen AZ 765®, 
Celogen AZ 754A* and Celogen AZ 130* 


Catalysts 


0-5% . 


Urea-based catalysts such as NJ^I dimethyl phenyl 
urea and catalysts sold under the trade names 
MBTS®, Dicup®, and Urisys U 405® 


Curing agent 


0-5% 


Sulfur, dicyandiamidc, including the curing agent 
sold under the trade name Urisys DDA 10* 



as 100% by weight 

The preferred reinforcers are selected from the group consisting of hydiated 
amorphous siUca, glass microspheres, and mixtures thereof Glass miciDspheres are 
particularly preferred because they greatly increase Ae strength of the cuxed 
composition while only slighUy increasing the weight thereof. Prefwably the 
compositions hereof include from about 1-10% by wdght hydratcd amorphous siUca 
and from about 1 0-20% glass microspheres. Utilizing both of these reinforcers results 
in a composition having a very high compressive strength. Also, hydrated amorphous 
silica is important for providing a composition that has high expansion capabilities as 
weU as a viscosity (at 1 lO'C) of less than about 1500 P. and preferably less than about 
1250 P, so that the composition can readily be injection molded. 

One of the most preferred embodiments of the con^ositioos in accordance v^rith 
the instant invention includes the following: fixjm about 20-30% by weight SBS block 
co-polymen from about 5-20% by weight polystyrene; from about 30-45% by weight 
bisphenol A-bascd liquid epoxy resin; from about 0.5-5% by weight carbon black; from 
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about l-IO%byweighthydrated amorphous silica; fromabout 1 0-20% by weight glass 
microspheres; from about 0.5-5% by weight blowing agent; from about 0.3-5% by 
weight catalysts; and from about 1-5% by weight curing agent, with all percents by 
weight being based upon the total weight of the composition taken as 1 00% by weight. 
5 Another particularly preferred embodiment of the invention inchides the 

following: from about 20-30% by weight SBS block co-polymer, from about 5-20% 
by weight polystyrene; from about 0.5-5% by weight of a rubber (e:g., nitrile-butadiene 
rubber); from about 30-45% by weight bisphenol A-based Uquid epoxy resin; from 
about 0.5-5% by weight ofa pigment (e.g.. caibon black); from about 1-1 0% by weight 
10 hydratcd amorphous silica; from about 10-20% by weight glass micnjsphcres; from 

about 0. 1 -5% by weight blowing agent (e.g., azodicarbonamidc); from about 0.1-5% 
by weight catalysts (e.g., NJ^-dimcthyl phenyl urea); from about 0.1-5% by weight 
curing agent(e.g., dicyandiamide); and up to about 5% ofa accelerator compound (e.g., 
zinc oxide) to lower fee blowing temperature of the composition, with all percents by 
1 5 weight being based upon the total weight of the composition taken as 1 00% by weight. 

The compositions of die invention are formed by mixing the first thermoplastic 
resin (preferably solid lubbcr) with a small portion (about l/40th of the total amount) 
of the epoxy resin in a heated mixer until the temperature of the mixer reaches from 
about 240.260'F (the temperature of the mixture wifliin the mixer is at least about 
1 75 "F), and flie nuxture is substantially homogeneous, at which time all of the second 
thermoplastic resin (preferably a polystyrene) is added to the mixer and mixing is 
continued. After the second themioplastic resin is substantially mixed with the first 
thermoplastic resin/epoxy resin mixture, the remaindo: of ifae epoxy resin is slowly 
added to the mixer, stopping and starting the mixer as necessary, with the ingredients 
25 being tiioroughly mixed to obtain a substantially homogeneous mixture. The resulting 

"prcmix" can ±ea be used immediately to fonn the final composition or, alternately, 
can be formed into a diick sheet (i^jproximately 20 mm) via a two-roll mill, cut into 
pieces,, and stored for later tise. 

To form the final composition bom the premix, the desired amount of premix 
is placed in a heated mixer (set at a tempwatuic of about 250'F) and mixing is 
commenced. While mixing, the desired pigments are added to die mixer and mixing 
is stopped once a homogeneous mixture is obtained within die mixer. While mixing 
is stopped, one of the desired reinforcers is added to the mixer and mixing is resumed 
and continued until the mixture is homogeneous. This stqi can be repeated, adding 
35 additional reinforcers as desired. 



20 



30 
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The temperature of the mixer is then set to a temperature below 1 60'F. When . 
the temperature of the mixer drops below 160"F. the desired blowing agents, curing 
agents, and/or catalysts are added and mixing is resumed and continued only until the 
mixture is homogclhebus. The resulting mixture is then preferably extruded into strands 
(at an extruder temperature of 1 70- 1 80*"? and screw rotation speeds of about 400 rpm) 
and cut into pellets- Alternately, the desired blowing agents, curing agents, and/or 
catalysts can be dry blended with the cut pellets rather than being added to the mixture 
prior to extrusion. The pellets are then injection molded into the desired shape at a 
temperature of about 180-200"Fusingany injection molding techniques and equipment 
known in the art Those skilled in the art will appreciate that the desired shape of the 
molded composition will depend upon the volume of the cavity to be sealed and 
baffled, as well as the configuration of that cavity thus ensuring that the composition 
fully expands into a sealing relationship with the stmctural sidewalls. The molded 
product Chat is formed is a physical mixture, and no chemical reactions have occurred 
prior to the heating of the product within the vehicle cavity to a temperature of at least 
about 300"F. 

While the scaling and bafHing compositions of the invention can be 
manufactured as formed, freestanding parts, in other embodiments the compositions can 
be supported on a support element comprising an open lattice fomaed in the same shape 
as of the composition, thus forming a sealant and bafile apparatus. Preferred lattice 
support elements are formed of nylon, and particularly glass reinforced nylon. Use of 
open lattice supports allows the composition to expand through the openings of the 
lattice upon heating of the composition to a temperature of at least about SOC^F. This 
structure is superior to the structure in U.S. Patent No. 5,755486 to Wycech as the use 
of a lattice support element adds minimal weight to the apparatus. 

The expanded composition then adheres to adjacent walls of the cavity in which 
the apparatus is placed, Prefenred apparatuses comprise a plurality of U-shaped 
expandable composition structures spaced apart from one another and in general 
alignment, having the lattice support element attached to the three outer surfaces of the 
U-shaped structure. This embodiment provides for contact by the composition with a 
greater surface area of Uie cavity walls than is provided by U.S. Patent No. 5,506,025 
to Otto el al., thus providing superior reinforcement of stmctural member forming the 
cavity. 

In use, the compositions of the invention are formed into the U-shaped structure 
described above, or are shaped (in either free standing form or some type of lattice- 
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supported fomi) to confom to the cross-sectional shape of (although slightly smaller 
than) the cavity in which the composition or apparatus is to be used. The formed 
composition or apparatus is then placed within the hollow channel or cavity and heat 
is applied so that the composition expands as the epoxy resin is crosslinked and the 
expanded composition adheres to the sidewalls of the cavity resulting in a channel or 
cavity that is substantiaUy blocked by the expanded composition. Optionally, some 
type of festening device or mechanism can be utilized to secure the composition within 
the chamiel prior to beat expansion. 

It wiU be appreciated that the compositions of the invention can be used in 
virtually any area of the automotive industry, including body shops, paint shops, and 
automobile manufacturing facilities. A particular advantage ofthe compositions and 
apparatuses ofthe invention is that they can be placed within the desired channel prior 
to conveyance ofthe vehicle body through a bake oven where the temperatures are 
sufficiently high to expand the composition. 
1 5 ' When the sealants and baffle compositions of tiie invention are subjected to a 

temperature of at least about 300°F. the percent expansion ofthe composition wiU be 
from about 80-220% and preferably from about 95-200% wherein the percent 
expansion (as used herein) is defined as: 

100 X ([(the specific gravity ofthe composition before heating) - (the 
20 specific gravity ofthe composition'after heating)]/(the specific gravity 

of die composition after heating)}. 

The expanded compositions have a compressive strength (using a sample having 
a diameter of 2 inches and a length of 4 inches and a compression rate of 0.5 
inches/minute) of at least about 1200 psi. preferably at least about 1400 psi, and more 

25 preferably at least about 1600 psi. Priorto expansion, the compositions have a specific 

gravity (with reference to water) of at least about 0.90, while the specific gravity (with 
refo-ence to water) of flie expanded compositions is less than about 0.47. preferably less 
than about 0.37, and more preferably less tiian about 0.32. The compositions of the 
invention have a ratio of compressive strengthrspecific gravity after bake of at least 

30 about 2500:1, preferably at least about 3000:1, and more preferably at least about 

3600:1. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a side elevation view of the preferred U-shaped sealant and baffle 
apparatus utilizing the open lattice support element in accordance with the invention; 
Fig. 2 is a top plan view of the apparatus of Fig. 1 ; 
Fig. 3 is a left end elevation view of the apparatus of Fig 1; and 
Fig. 4 is a fragmentary sectional view taken along line 4—4 of Fig. 2. 

DETAILED DESOUPTION OF THE PREFERRED EMBODIMENTS 
Turning now to the drawings, a sealant and baffle apparatus 10 is shown in Figs. 
1-4. The apparatus 10 broadly includes three expandable. U-shaped members 12, 14, 
16 (see Figs. 1 and 2) and a support element 18 (see Figs. 2 and 3). 

In more detail and refeiring to Fig. 1, m«nber 12 includes a base portion 20 and 
two leg portions 22, 24. Members 14, 16 are identical to member 12 in that they each 
include a base portion and two leg portions. Leg portions 26, 28 of members 14, 16, 
respectively, are illustrated in Fig. 2, while base portions 30, 32 of members 14, 16. 
respectively, are illustrated in Fig. 3. In each of members 12, 14, 16, the leg portions 
aresubstantiallypeipendiculartotheirrespectivebaseportions. Stated otherwise, each 
of the legs of members 12, 14, 16 is essqitially parallel to its counterpart leg on the 
respective member. Members 12, 14, 16 are each formed of tiie heat expandable 
compositions of Uie invention and are preferably injection molded as integral members 
into the illustrated U-shape. 

Support element 1 8 is formed of three sections, i.e., a base section and two leg 
sections, which are likewise configured into a U-shape. Base section 34 of element 1 8 
is illustrated in Fig. 3 while leg section 36 is illustrated in Fig. 2. The final leg section 
. 38 of elemtait 18 is shown in phantom in Fig. 1. Each of sections 34, 36, 38 of support 
element 1 8 have a latticework stmchaie and are formed of a material having a melting 
point higher tiian the temperature at whidi members 12, 14, 16 expand. A preferred 
material for element 1 8 is nylon, and particularly glass reinforced nylon. 

The outside planar surfaces of tiie base and leg portions of members 12, 14, 16 
are preferably formed with depressions (indicated by double lines 40 in Figs. 2 and 3). 
These depressions correspond in both size and shape with tiie size and shape of die 
latticework of element 18. The depressions are preferably at least as deep as the lattice 
is thick, and act as a retaining mechanism so tiiat clement 18 remains attached to 
members 12. 14. 16. Thus, the expandable composition of wb'ch members 12, 14, 16 
are formed protrudes somewhat tiuxiugh the lattice openings of element 1 8 (as indicated 
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by numeral 42 in Figs. 2-4). Element 1 8 can be foraied so that each of the sections 34, 
36, 38 are integral, or alternately, each* of sections 34, 36. 38 can be formed separately 
and connected by some fastening mechanism (such as clips or snaps) around the 
members 12, 14, 16 of the ^paratus. 
5 In operation, the apparatus 10 is positioned within the channel of a hollow 

member (such as within a vehicle). The apparatus 10 can be positioned at any angle 
and orientation as dctcraiined appropriate by one having ordinary skill in the art. For 
example, the base portions 20, 30, 32 and base section 34 of apparatus 10 can be 
positioned against the lower wall of the channel, while the respective leg portions and 
10 sections of apparatus 10 would be positioned against the sidewalk of the channel. Or, 

the apparatus 1 0 could be inverted so that the base portions 20, 30, 32 and base sccdon 
34 are positioned against the upper wall of the channel. 

Once the apparatus 1 0 is positioned withm the channel, the apparatus 1 0 is then 
subjected to heat (such as by passing the vehicle through a bake oven), preferably 
15 having a temperanire of at least about 300 The heat application will cause the 

composition to expand in all directions, thus protruding even further through the 
openings of the latticework. The expanded composition will then adhere to die walls 
of the channel, securing apparatus 10 within the channel. 

While the figures illustrate an embodiment utilizing a support structure for the 
20 compositions . of the invention, diose skilled in the art will understand that the 

compositions of the invention do not require a support structure and can be used m a 
freestanding, self-sustaining form. Also, numerous other support elements can be used 
with the compositions of the invention depending upon the particular applicatioit 

25 EXAMPLES 

The following examples set forth preferred compositions and methods in 
accordance with the invcntioa It is to be understood, however, fliat these examples are 
provided byway of iUustration and nothing therein should betaken as a limitation \xpon 
the overall scope of the invention. 

30 

EXAMPLE 1 

1. Preparation of Premix 

A mixer (Moriyama Company, Js^jan) equipped with a ram was used to prepare 
a premix. The temperature of the mixer was set to 210**?, and 266.67 grams of Fina 
35 Clear 530* (SBS block copolymer) was added to the mixer followed by the addition of 
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about lOgramsofAraldite601(y» (liquid epoxyresin). The ram was lowered and slow 
m.xmgwascommenccdwhcnthetemperatureofthemixerhadreached200»F. Mixing 
was continued until the mixture was substantially homogeneous, and the temperature 
display indicated 250-F. At this point, the ram was opened and 1 33.33 grams of Fina 
Crystal 500* (polystyrene) was added to the mixer. Mixing was continued until the 
material in the mixer became substantially homogeneous. The remainder of the 
Araldite 6010» (about 390 grams) was added to the mixture slowly, in small 
mcrements, with mixing earned out between each addition 

After all of die Fina Crystal 500* was added, the resulting mixture was 
thoroughlymixed for about 5 minutes, andthemalerial was then transferred to a 2.ioll 
mill. The material was milled into sheets having a tiiiclaiess of about 20 mm, and cut 
into pieces to be used later. 

2- Preparation of the Tnt«^>. diate rnmpnnp^ 
^ ^ In this step, a Moriyama mixer equipped with a ram was also used, witii the 

temperature of the mixer being set at 250°F. The premix made in Part 1 of this 
• Example was added to the mixer. Mixing was commenced, and 10 grams of carbon 
black (pigment) was added to the mixer.. When the mixture became homogeneous, 
mixing was stopped. 60 grams ofHiSil 233« (hydrated amorphous silica) was added to 
the mixture, and mixing was resumed. Mixing continued until the mixture was 
homogeneous, at which time mixing was again stopped and 140 grams of ScotchKte 
S60/1 0.OOO* (glass microspheres) was added to the mixture. Mixing was resumed and 
was continued until the resulting mixture was homogeneous. The temperature of the 
mixerwas set below 160°F. Whentiie mixer temperature cooled to below leO^F, 16 
grains of Celogen AZ 765« (blowing agent) and 64 grams of Urisys DDA 1 0» (curing 
agent) was added to the mixer and mixing was resumed and continued only until the 
mixture was homogeneous. 

^' fgllfftiZ^tiffl of thg Tntrmiftdiate CoTTinniinri and Ihiectini, Mo lding nf th^ 
30 Pellets 

The compound formed in Part 2 of this Example was fed into the inlet of a 
single screw extruder set at an extruder temperature of 175"?, The screw was rotated 
at a speed of about 400 rpm. and Uie stranded compound was cut into peUets as it 
emerged from the die positioned at die outlet of the extruder barrel. The die used was 
35 one designed to make pellets of such a size that 90 (± 1 0) of the pellets weighed 1 gram. 
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The pellets were added to the hopper (not equipped with a stirrer) of a 
conventional injection mold machine and molded into the desired shapes at about 

190**F. 

5 ■ 4. Test Properties of the Molded Producf 

The mechanical properties of the compound were tested. Those properties are 
reported in Table 2 below. Hiese tests were carried out as follows on 1 0 nrni thick, 1 
in. X I in. portion s of the product prepared as previously described: 

10 (1) Specific Gravity Before Bake. 

(2) Specific Gravity After Bake - The composition was placed in an 
oven heated to 325 **F. The composition was kept in the oven 
for 1 0 minutes after the temperature of the composition reached 
325 °F (referred to as 325 °F for 1 0 minutes Metal Temperature). 

1 5 The composition was then removed from the oven and allowed 

to remain at room temperature (RT) for 60 minutes (referred to 
as RT for 60 minutes). This was followed by 325 for 10 
minutes Metal Temperature, then RT for 60 minutes, and finally 
250®F for 20 minutes Metal Temperature, followed by the 

20 determination ofthe specific gravity. 

(3) Expansion After Bake = [(specific gravity before bake) - 
(specific gravity after bake)]/(specific gravity after bake) 

(4) Compressive Strength After Bake - The compressive strengtii 
was determined after the following was carried out: the 

25 composition remain in a SSO^'F oven for a total of 35 minutes; 

RT for 60 minutes; and finally 250'F for 20 minutes metal 
temperature. 
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Table 2 



MECHANICAL TEST 


RESULTS 


Specific Gravity Before Bake 


0.96 


Specific Gravity After Bake 


0.38 


Percent Expansion 


153 


Compressive Strength, psi» 

j TK. ,„r ; ■ ' 


ess" 



-i'>.-"..tn:. were agea u a 90'C oven for four 

hours and tested immedUtely upon removal from the oven 

Several tests of the compressive strength were conducted 
on this sample. This number is the average of the results of 
all tests conducted. 
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EXAMPLE 2 

A mo Ided compound was formed following theproceduies set forth in Example 
1 except that the following components and concentratioiis were used: 133.33 grams 
of Fina Crystal 500»: 266.67 grams of Fina Clear 530«; 400 grams of Araidite 6010*- 
10 grams of carbon black; 4.8 grams of zinc oxide (pigment); 45 grams of HiSil 233«' 
155 grams of Scotchlite S6(yi0.000«; 30 grams of Urisys DDA 10»; 4 grams of Urisys' 
U 405* (catalyst); and 6 grams of CelogeaAZ 130» (blowing agent). The catalyst was 
added at the same time as the blowing agent and curing agent. The final product was 

tested for Its mechanical properties as described in Examplel and as set forth in Table 



25 
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Table 3 



MECHANICAL TEST 


RESULTS 


Specific Gravity Before Bake 


0.95 


Specific Gravity After Bake 


0.37 


Percent Expansion 


150 


Compressive Strength, psi* 


1419" 


1 Viscosity (11 0»C),p 


1240 



hours and tested immediately upon removal from the oven. 

Several tests of the compressive strength were conducted 
on this sample. Tliis number is the average of ifae results of 
all tests conducted. 
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EXAMPLES 

A molded compound was fonned following the procedures set forth in Example 
1 except the following componenls and concentrations were used: 120 grams of Fina 
Crystal 500®; 240 grams ofFinaQearSaO®; 40 grams ofNipol 1411* (mtrile-butadiene 
5 rubber); 400 grams of Aralditc 6010*; 10 grams of carbon black; 4.8 grams of zinc 

oxide; 45 grams of ffiSil 233*; 155 grams of Scotchlite S60/10.000*; 30 grams of 
Urisy.-; DDA 10»; 4 grams of Urisys U 405*; and 6 grams of Celogen AZ 130^. The 
final product was tested for its mechanical properties as set forth in Table 4. 

10 Table 4 ■ 



MECHANICAL TEST 


RESULTS 


Specific Gravity Before Bake 


0.9 


Specific Gravity After Bake 


0.39 


Percent Expansion 


131 


Compressive Strength, psi* 


1822" 



* The test specimens were aged in a 90*C oven for four 



houis and tested immediately upon removal from die oven. 
^ Several tests of die compressive strcngdi were conducted 
on diis sample. This number is the average of the resuhs of 
20 all tests conducted. ^ 

EXAMPLE 4 

Several more coinpositions were prepared following the preparation procedures 
set forth in the preceding examples. The formulations and mechanical properties of the 
25 resulting compounds are set forth in Tables S and 6, respectively. 
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Table 5 



Ingredient 


A (grams) 


B fsrams) 


C ferams) 


D (erams) 


Fina Crystal 500* 


133.33 


133.33 


133.33 


133.33 


Fina Clear 530* 


266.67 


266.67 


266.67 


266.67 


Araldite6010» 


340 


400 


400 


400 


Epon lOOlF* 


60 








Carbon Black 


•10 


10 


10 


10 


Zinc Oxide 


4.8 


4.8 


4.8 


4.8 


HiSil233* 


45 


45 


45 


45 


Scotchlite 860/10,000* 


155 


155 


155 


155 


Rubbersil 150* (hydrated 
amorpKous silica) 


— 


40 


~ 


- 


Quincy 325* (CaCO,) 






40 




MagsU 399* (talc) 








40 


UrisysDDAIO* 


30 


30 


30 


30 


UrisysU405« 


4 


4 


4 


4 


Celogen AZ 130* 




6 


6 


6 



Table 6 



Test Data 


A 


B 


C 


D 


Specific Gravity Before 

Bake 


0.94 


0.96 


0.95 


0.94 


Specific Gravity After Bake 


0J8 


0.42 


0.4 


0.41 


Percent Expansion 


147 


129 


138 


129 


Compressive Strength, psi* 


1526» 


2129* 


1422" 


1621" 



* The test specimens were aged in a 90*C oven fw four hours and tested immediately upon removal from 
die oven. 

* Several tests of the compressive strength were conducted on this sample. This number is the average 
of die results of ail tests conducted. 
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EXAMPLES 

This test was earned out to compare the effect of using fumed silica in the 
composition rather than hydrated amorphous silica. The procedure followed to prepare 
the composition was as described in the previous examples. The components and 
concentrations used were as follows: 133.33 grams of Fina Crystal 500*; 266.67 grams 
of Fina Clear 530»; 400 grains of Araldite 601 0"; 10 grams of carbon black; 4.8 grams 
of zinc oxide; 45 grams of Cabot TS-720* (filmed silica); 155 grams of Scotchlite 
560/10,000*; 30 grams ofUiisys DDA 10*; 4 grams of Urisys U 405*; and 6 grams of 
Celogen AZ 130*. The properties of the rtwulting compound are set forth in Table 7 
below. 



Table 7 



MECHANICAL TEST 


RESULTS 


Specific Gravity Before Bake 


0.93 


Specific Gravity After Bake 


0.43 


Percent Expansion 


il6 


Compressive Strength, psi» 


1572" 


Viscosity (11 0°C),P 


3600 



■ The test specimens were aged in a 90*" C oven for four 



hours and tested immediately upon removal firom tiie oven. 
" Several tests of the compressive strength were conducted 
on this sample. This number is the avenge of tiie results of 
ail tests conducted. 

In comparing these results to the results of the previous examples, it can be seen 
that this compound has a lower expansion than the other compounds. Furthermore, the 
viscosity is much higher than the viscosity of the compound obtained in Example 2, 
where hydrated amorphous silica was used. With such a high viscosity, this compound 
would not be useful m injection molding. 
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EXAMPLE 6 

This test was carried out to determine the effect on the mechanical properties 
of the composition if no polystyrene was used. The procedure followed to prepare the 
composition was as described in the previous examples. The components and 
concentrations used were as listed in Example 2, with the exception that no Fina Crystal 
500* (or any other polystyrene) was used. The properties of the resulting compound 
are set forth in Table 8 below. 



Table 8 



MECHANICAL TEST 


RESULTS 


Specific Gravity Before Bake 


0.93 


Specific Gravity After Bake 


0.38 


Percent Expansion 


145 


Compressive Strength, psi* 


913* 



* The test specimens were aged in a 90*C oven for four 



hours and tested inunediately upon removal from the oven. 
^ Several tests of the compressive strength' were conducted 
on diis san^le. This number is die average of Ac results of 
all tests coniducted. 

EXAMPLE? 

This test was cairied out to deteraiine the efFept on the mechanical properties 
of the compo^tion if no SBS (or any other rubber) was used. Preparation of the 
composition was commenced following the previously described procedures. However, 
the preparation was aborted during the preparation of the prcmix because, without the 
use of a rubber, tiie initial ingredients could not be mixed. 

EXAMPLES 

This test was carried out to determine how the use of SBR, in addition to SBS 
rubber, would affect the overall properties of the composition. The procedure followed 
to prepare the composition was as described in the previous examples. The components 
and concentrations used were as follows: 120.0 grams of Fina Crystal 500*; 240 grams 
of Fina Clear 530*; 40 griams of SBR 1009*, crumb; 400 grams of Araldite 6010*; 10 
grams of carbon black; 4.8 grams of zinc oxide; 45 grams of HiSil 233*; 1 55 grams of 
Scotchlite S60/1 0,000*; 30 grams of Urisys DDA 10*; 4 grams of Urisys U 405*; and 
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6 grains of Celogen AZ 130*. The properties of the resulting compound are set forth 
in Table 9. 



Table 9 



MECHANICAL TEST 


RESULTS 


Specific Gravity Before Bake 


0.9t 


Specific Gravity After Bake 


0.35 


Percent Expansion 


160 


Compressive Strength, ps? 


1095" 



" The tesr specimens were aged in a 90^0 oven for four 
hours and tested immediately upon removal from Che oven. 

Several tests of the concessive strength were conducted 
on this san^lc. This number is the average of the results of 
all tests conducted. 
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9. The composition of claim 1 , wherein said rubber is a nitrile-butadiene 
rubber and said epoxy resin is a bisphenol A-based liquid epoxy resin, and said 
composition further comprises: 

from about 0.5-5% by weight of a pigment; 
from about 1-10% by weight hydrated amorphous silica; 
from about 10-20% by weight glass microspheres; 
from about 0.1-5% by weight of a blowing agent; 
from about 0.1-5%'by weight of a catalyst; 
from about 0. 1-5% ty weight of a curing agent; and 
up to about 5% by weight of a compound for lowering the blowing 
temperature of the composition. 

1 0. The composition of claim 9, wherein said pigment comprises carbon 
black, said blowing agent comprises azodicarbonamide, said catalyst comprises NJI- 
dimethyl phenyl urea, said curing agent comprises dicyandiamide, and said compound 
for lowering the blowing tempCTature comprises zinc oxide. 

1 1. The composition of claim 1, wherein said composition has a percent 
expansion of from about 95-200% after heating thereof to a temperature of at least 
about 300°F. 

12. The composition of claim 1, wherein said composition has a 
compressive strength of at least about 1200 psi upon being expanded by heating to a 
temperature of at least 300**?. 
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We Claim : 

1 . A composition useful for fonning a reinforcing body, said composition 
comprising: 

from about 20-30% by weight of an SBS block co-polymer, 
from about 5-20% by weight polystyrene; 
from about 0.5-5% by weight of a rubber; and 
from about 30-45% by weight of an epoxy resin. 

2. The composition of claim 1 , said composition further comprising from 
about 0.5-5% by weight of a pigment 

3. The composition of claim 1, said composition fiirther comprising from 
about I-i0% by weight hydrated amorphous silica. 

4. The composition of claim I, said composition further comprising from 
about 10-20% glass microspheres. 

5. The composite of claim 1, said composition further comprising from 
20 about 0.1-5% by weight of a blowing agent 

6. The composition of claim 1 , said composition fialher comprising from 
about 0. 1-5% by weight of a catalyst. 

25 7. The compositiMiofclaiml, said composition fiirther coioqirisnig from 

about 0.1-5% by weig^ of a curing agent 

8. The composition of claim 1, said composition fiirther comprising a 
compound for lowering the blowing temperature of the composition. 
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13. . A method of forming an expandable reinforcing body comprising the 
steps of: 

(a) providing a quantity of a pre-mix, said pre-mix being formed by 
mixing from about 20-30% by weight of an SBS block 
5 co-polymer, from about 5-20% by weight polystyrene, 

from about 0.5-5% by weight of a rubber, and from 
about 30-45% by weight of an epoxy resin to form a 
mixture and heating said mixture to a temperature of at 
least about 1 75 to form die pre-mix; 
1 0 (b) mixing a compound with said pre-mix to form an intermediate 

mixture, said confound being selected from the group 
consisting of pigments, reinforcers, and mixtures 
thereof; and 

(c) mixing an ingredient with said intermediate mixture, said 
1 5 ingredient being selected from the group consisting of 

blowing agents, curing agents, catalysts, a compound for lowering the blowing 
temperature of the mixture, and mixtures thereof. 

14. The method of claim 13, further, including the step of forming the 
20 intemnediate mixture resulting from mixing step (b) iiito pellets prior to nmcing step (c). 

1 5. The method of claim 1 3, wherein: 

said rubber comprises a nitrile-butadiene rubber, 

said epoxy resin comprises a bisphenol A-based liquid epoxy resin; 

25 said pigment comprises carbon black; 

said blowing agent comprises azodicarbonatnide; 

said catalyst comprises NJ^-dimethyl phenyl urea; 

said curing agent comprises dicyandiamide; and 

said compound for lowering the blowing temperature comprises zinc 

30 oxide. 



BNSOOCID: <WO__016803aA1J.> 



wo 01/K8IUJ 



PCT/US01/I5548 



10- 



12- 



20- 
34- 



1/1 



36 



22 



24 



-38 



16- 



42^ 



10- 



14- 



^40 





40-^ 



36 



-22 



10 






16-^ 5^^. 5. 



SUBSTITUTE SHEET (RULE 26) 



BNSOOCID: <WO_018803MIJj 



INTERNATIONAL SEARCH REPORT 



Internatioiial application No. 
PCT/US0l/l55*e 



A. CLASSIFICATION OF SUBJECT MATTBR 

IPq?) rOOSL 53/00; 008L 63/00 

us CL :5S£/9SH; 593/466 
According to International Patent Qassification (IPC) or to both national classification and IPC 



B, FIELDS SEARCHED 



Minirotim documenUtion searched (elassification system followed by classification symbols) 
VS, : 5S5/&SH; 583/466; 5S1/54, 55, 56, 57 



Documentation searched other Chan minimum documentation to the extent that such documents are included in the fieldi 
searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Otation of document, with indication, where qipropriate, of the relevant passages 



Relevant to claim h 



X 
Y 



US 6,253,524 Bl (HOPTON et al,) 03 July 2001, col 3, lines 50 
63; column 4, lines 26 - 67; column 5, lines 1 - 29. 



1-13, 15 



14 



Further documents are listed in the continuation of Box C See patent family annex. 



SpooUl cAUpnSf of cited domnwnti; 

doawnont dofining Um gononJ sUte of Um oti whieh U not eonsidond 
to b« of pajtieaUr Mkraooo 

Mftior doonnwBt f"**!***^ on m aibr Um intozsAtioDal filing dato 

doenineat whiob taxj tbiow doobti on piiodty aUim(ji) or vbkh li 
eiiod to ootablsidi the ToblkiittoQ dato of anothor oitoAiia at other 
■pooijd naam (u ^ociiBod) 



UtordoeaaiMt ybbUM aflor Cbo iatamukaal fiUng date or ntoite 
dato oad not in mufliel vilh ttw appIiMttaa fcnl eUod to uidisrtwd 
Um piiBoipl* at ihaorj vaim^jin^ Um iniwntioa 

doonmaBt «f paitfeoltf nlwasoo; Om eUtaad in^tSoD ounot ho 
ooBoidAnd aowl orcuiDol ba Mpoidond to invaifii w iBTCtiiln dkp 

tkt 



docmnont nfonint to an onl diMlonm, 



oxhibittoD at otbar 



doenmast of partioiiUr nWvaaot; tko oUimod iavtatian oaaoot U 
conaidond to inyolto ma ioTootiio ctep vbeo the docmnont ia ooabinod 
with ona or nozv otbar iaah deconaata, aiieh aooibiaUifln baiu 
AvioM to & paiBon akiUad In fhi «it 



dooTUBtDt pol>liibed prior to the inteiDEtional filing data bat Uiex 
tbao the yriogjty ' 



of thai 



I latastfuBlly 



Date of the actual completion of the international search 
09 JULY 9001 



Date of mailing of the international search report 



Name and mailing address of the ISA/US 
Ccmmiss toner of Patents and Trademada 
BoxPCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3S30 



Authorixed officer 

MARC A. PATTERSON 
Telephone No. (703) 308-0651 




Fnrm PrT/Ff5A/01ft A 



BNSOOCIDt <WO_0188033A1_I.> 




> 

•I 



